ABSTRACT. We identified 36 species of cnidarians (27 hydromedusae, 9 siphonophores) collected from the Moraleda, King, Darwin, and Pulluche channels, located in southern Chile. The hydromedusae Gossea brachymera, Hybocodon unicus, and Sarsia coccometra, and the siphonophores Rosacea cymbiformis and R. plicata were recorded for the first time in the southern channels. Diversity values were higher for Hydromedusae (2.66 bits) than for Siphonophorae (1.15 bits). The largest aggregates were found in the Moraleda and Pulluche channels, with densities that exceeded 7,000 ind·1000 m -3 . The vertical distribution of the dominant species showed Solmundella bitentaculata to be located near the surface (0-20 m), whereas Sphaeronectes gracilis, Muggiaea atlantica, Clytia simplex, and Proboscidactyla ornata were found in subsurface waters (20-50 m) and Amphogona apicata in deeper waters (50-100 m). According to the Pearson analysis, salinity correlated positively with S. gracilis and S. bitentaculata and negatively with P. ornata. C. simplex was indirectly associated with temperature and the dissolved oxygen concentration.
INTRODUCTION
In recent years, strong and sustained increments of gelatinous organism populations have been recorded in different geographic marine areas (Mills, 2001; Brodeur et al., 2002) . These proliferations have caused important changes in the pelagic community
Diversity and aggregation areas of planktonic cnidarians of the southern channels of Chile (Boca del Guafo to Pulluche Channel)
In the waters of the Humboldt Current System, gelatinous organisms such as medusae, siphonophores, and ctenophores are very abundant and dense aggregates have been recorded in coastal upwelling areas during the warm periods of the year (Palma & Rosales, 1995; Palma & Apablaza, 2004) . These organisms can have a strong trophic impact. For example, the siphonophore Bassia bassensis is estimated to be able to remove up to 17% of the copepod biomass off the Antofagasta peninsula (Pagès et al., 2001 ).
Chile's interior waters stretch from Puerto Montt to Cape Horn and include some 84,000 km of coastline. This zone has a complex topography and is marked by the seasonality of its oceanographic characteristics. Exterior waters from the adjacent Pacific are constantly entering the area and mixing with the less salty waters coming from fluvial contributions, pluviosity, and glacial melting (Palma & Silva, 2004; Silva & Palma, 2006) . This continual exchange favors the presence of planktonic species from different biogeographic origins in the interior waters (Palma & Silva, 2004; Palma, 2006) .
Fifty species of planktonic cnidarians have been recorded in this extensive zone: 43 hydromedusae and 14 siphonophores (Galea, 2006; Galea et al., 2007; Palma, 2006; Palma et al., 2007) . The siphonophore were recorded between Puerto Montt and Cape Horn, whereas the hydromedusae were found in three restricted areas of the southern region: Comau Fjord (42º20'S) (Galea, 2006; Galea et al., 2007) , the area between Boca del Guafo and Elefantes Estuary (Palma et al., 2007) , and the Strait of Magellan and adjacent channels (53-55ºS) (Pagès & Orejas, 1999) .
From early in the 1990s, the northern sector of interior waters (Chiloé Island and adjacent areas) has been subjected to intense marine farming of algae, mollusks, and fish, particularly salmon, whose production in 2005 was 398,909 tons (SERNAPESCA, 2007) . From February to June 2002, the farming facilities in this sector were negatively affected by proliferations of hydromedusae (Aequorea macrodactyla) and scyphomedusae (Chrysaora plocamia and Phacellophora camtschatica), which caused salmon mortalities at a variety of farming centers (unpublished data).
Given the importance of the cnidarians in marine ecosystems, the present work analyzes the taxonomic composition, diversity, vertical distribution, and geographic distribution of planktonic cnidarians in order to determine their main areas of aggregations in the interior waters of the channel sector in southern Chile. Moreover, the results for hydromedusae are compared with those obtained in the same study area in the spring of 2002 (Palma et al., 2007) .
MATERIALS AND METHODS
During the CIMAR 9 Fiordos cruise, carried out between 6 and 18 November 2003, 17 oceanographic stations were sampled along the Moraleda, Ninualac, Darwin, Pulluche, and Chacabuco channels (44º13'-45º47'S) (Fig. 1) . At each station, oblique tows for zooplankton were done at depths of 0-20, 20-50, 50-100, and 100-150 m using and opening-closing Tucker trawl (1 m 2 mouth), equipped with three 300 µm mesh nets and a flowmeter mounted in the frame. The samples were obtained mostly during the day (14 stations) and were placed in sea water with 5% borax-neutralized formalin.
The medusae and siphonophores (including polygastric and eudoxid stages) were identified using specialized literature (Totton, 1965; Kramp, 1968; Bouillon & Boero, 2000) . Later, the geographic distribution of the dominant species (abundance > 5% of all analyzed specimens) was determined. The abundance was standardized in ind·1000 m -3 and the vertical distribution was calculated considering the percentage of individuals per stratum with respect to the total number of specimens in the water column. Moreover, the Shannon-Wiener index was calculated to estimate the species diversity.
As cnidarians are distributed in both shallow and deep strata, weighted averages were determined for the oceanographic parameters in the water column from the surface to 150 m depth. These values were used with the Pearson index to estimate the correlation between the abundance of the dominant species and the weighted averages of temperature, salinity, and dissolved oxygen.
RESULTS

Species composition
A total of 36 planktonic cnidarian species were determined, corresponding to 27 hydromedusae and nine siphonophores ( Table 1 ). The hydromedusae Gossea brachymera, Hybocodon unicus, and Sarsia coccometra and the siphonophores Rosacea cymbiformis and R. plicata were recorded for the first time in the interior waters of southern Chile. The dominant species were Sphaeronectes gracilis (28.6%), Muggiaea atlantica (24.4%), Clytia simplex (9.6%), Proboscidactyla ornata (7.1%), Amphogona apicata (6.1%), and Solmundella bitentaculata (5.1%); these made up 81% of the analyzed organisms ( Table 1 ). The most frequent species were Clytia simplex, Bougainvillia sp., Hydractinia borealis, Proboscidactyla ornata, Sphaeronectes gracilis, and Muggiaea atlantica, which were caught at 100% of the stations. With respect to the eudoxid stage, the peak abundances corresponded to M. atlantica (89.6%), S. gracilis (5.7%), and L. conoidea (4.1%) ( Table 1) .
Species diversity
The diversity values were quite different for hydromedusae and siphonophores, which averaged 2.66 and 1.15 bits, respectively (Fig. 2) . The hydromedusae values fluctuated between 1.24 and 3.41 bits. The minimum values were found at the eastern end of the oceanic channels and at the oceanic station (Sta. 87), whereas the maxima were found in the Moraleda and Ninualac channels. For siphonophores, the values were much lower, fluctuating between 0.20 and 1.75 bits, with low values predominating throughout the study area except for some high-diversity cores (1.50-1.75 bits) found at stations 31, 58, and 75.
Spatial distribution
The density of individuals per station was highly variable and fluctuated between 2,114 and 30,518 ind·1000 m -3 at stations 58 (Ninualac Channel) and 87 (oceanic), averaging 7,845 ± 7,400 ind·1000 m -3 (Fig. 3a) . The lowest densities (< 3,000 ind·1000 m -3 ) were found in the Ninualac and Darwin channels, whereas the greatest densities (> 7,000 ind·1000 m -3 ) were found at the oceanic station and in the Moraleda and Pulluche channels. The siphonophores were more abundant than the hydromedusae, respectively constituting 59% and 41% of the total abundance. The eudoxid stage followed the same geographic distribution pattern as that of the nectophores and the largest aggregates were recorded in Moraleda Channel (> 3,000 ind·1000 m -3 ).
Of the dominant species, Sphaeronectes gracilis (28.6%) was the most abundant, with wide geographic coverage (Fig. 3a) . The greatest densities were recorded in Moraleda Channel, in the western mouth of the Darwin and Pulluche channels, and at the oceanic station (Sta. 87), where a maximum of 15,240 ind·1000 m -3 was observed. The lowest densities were recorded in the eastern sector of the oceanic channels.
Muggiaea atlantica (24.4%) was the second most abundant species; its distribution was similar to that of S. gracilis (Fig. 3b) . Nonetheless, its greatest densities were concentrated in the Moraleda Channel, where they reached a maximum of 9,724 ind·1000 m -3 at station 12. In the oceanic channels, low densities were found, particularly in the eastern sector.
Clytia simplex (9.6%), the most abundant hydromedusa, presented wide geographic coverage in the study area (Fig. 3c) . In spite of its very homogeneous distribution, as with the above-mentioned species, the greatest densities were recorded in Moraleda Channel (2,020 ind·1000 m -3 at station 9).
Proboscidactyla ornata (7.1%), like the above species, was found widely distributed in the study area (Fig. 3d) . The largest densities were obtained in interior waters, particularly to the south of the Meninea constriction-sill (2,491 ind·1000 m -3 at station 31).
Amphogona apicata (6.1%) presented wide geographic coverage but its abundance was concentrated in only two high-density cores: one at the entrance to Moraleda Channel and the other in Pulluche Channel, where a maximum of 5,549 ind·1000 m -3 was obtained (Sta. 75) (Fig. 3e) .
Finally, Solmundella bitentaculata (5.1%) was collected throughout the study area, but in very low densities (Fig. 3f) . Only two high-concentration cores were found: one at the oceanic station (Sta. 87) and the other in the mouth of Moraleda Channel (Sta. 7).
Vertical distribution
The vertical distribution of cnidarians showed that 93% of the specimens were distributed in the first 100 m depth. The specimens collected under 100 m depth were scarce and only caught in the deeper Moraleda and Darwin channels. The greatest abundance was recorded in the 20-50 m stratum (40%); concentrations around 27% were recorded in both the 0-20 and the 50-100 m strata.
Of the dominant species, Solmundella bitentaculata had the most superficial distribution (0-20 m), while Amphogona apicata was found at greater depths; most of the specimens were collected between 50 and 100 m, and Sphaeronectes gracilis, Muggiaea atlantica, Clytia simplex, and Proboscidactyla ornata were collected in the subsurface stratum (20-50 m) (Fig. 4) . The reproductive phase of the siphonophores, 60% of the S. gracilis eudoxids were collected in the upper stratum (0-20 m), being more superficial than the nectophores (Fig. 4e) . The M. atlantica eudoxids, followed the same vertical distribution pattern as the nectophores (Fig. 4f) .
Correlation coefficient
The results of the Pearson correlation analysis showed some significant associations (p < 0.05) between the dominant species and temperature, salinity, and dissolved oxygen ( Table 2 ). The abundances of Solmundella bitentaculata and Sphaeronectes gracilis correlated positively with salinity, whereas the abundance of Proboscidactyla ornata correlated negatively with salinity. On the other hand, the abundance of Clytia simplex correlated negatively with temperature and the dissolved oxygen concentration. 
DISCUSSION
The results obtained in the southern channels show that 86% of the species identified (31 species) had already been recorded in the vast southern channel and fjord zone that stretches from Puerto Montt to Cape Horn (Galea, 2006; Galea et al., 2007; Palma, 2006; Palma et al., 2007) . Of the remaining 14% (5 species), three hydromedusae (Gossea brachymera, Hybocodon unicus, Sarsia coccometra) and two siphonophore species (Rosacea cymbiformis, R. plicata) were recorded for the first time for the interior waters of southern Chile.
The geographic distribution of gelatinous organisms collected in the southern channels shows that most of the dominant species (Sphaeronectes gracilis, Muggiaea atlantica, Clytia simplex, Proboscidactyla ornata, Amphogona apicata, Solmundella bitentaculata) are common and abundant in subantarctic waters and have been caught in different regions of the Humboldt Current System (Kramp, 1966; Fagetti, 1973; Palma & Rosales, 1995; Pagès et al., 2001; Palma & Apablaza, 2004) .
Furthermore, it can be indicated that the ecosystem of interior waters is made up of species from distinct biogeographic origins that can enter the interior zone through the Boca del Guafo and the oceanic channels (Tuamapu, King, Ninualac, Darwin, Pulluche). Therefore, species from Antarctic waters (i.e., Halopsis ocellata, Dimophyes arctica, Pyrostephos vanhoeffeni) coexist with species from subantarctic circumpolar waters (i.e., Amphogona apicata, Clytia simplex, Eudoxoides spiralis, Hydractinia borealis, H. minuta, Muggiaea atlantica, Lensia conoidea, Sphaeronectes fragilis, S. gracilis) and species with wide geographic or cosmopolitan distributions (i.e., Solmundella bitentaculata, Leuckartiara octona,
Proboscidactyla mutabilis, Rophalonema velatum).
S. gracilis was the dominant siphonophore, presenting wide geographic coverage. The greatest aggregates were recorded in Moraleda Channel, mainly in the areas receiving greater contributions of oceanic waters such as the oceanic station and the western sector of the Darwin and Pulluche channels. This was corroborated by the positive correlation values between this species and the weighted salinity averages in the water column (Pearson, r = 0.67) ( Table 2) .
One species that was highly successful in the colonization of the interior waters was M. atlantica, the predominant siphonophore throughout the southern channel and fjord ecosystem from Puerto Montt to Cape Horn (Palma & Silva, 2004; Palma, 2006) . In the study area, this species presented an extensive geographic distribution, with high densities in the Moraleda Channel. This spatial distribution was due to the organisms' eurythermal and euryhaline nature (Palma & Silva, 2004) , which was confirmed by the absence of a correlation with temperature and salinity. This wide environmental tolerance was also reflected in its extensive bathymetric distribution, which showed important density cores up to 100 m depth, a behavior that was also observed in warmer waters, where its distribution can reach beyond 200 m depth (Gili & Riera, 1987) .
C. simplex was very abundant and presented wide spatial coverage, in agreement with the results from spring 2002, when its wide distribution was attributed to its euryhaline character (Palma et al., 2007) . This species is found along the Chilean coast (Fagetti, 1973; Palma & Rosales, 1995; Palma & Apablaza, 2004) and is frequent in the interior southern channels and fjords (Pagès & Orejas, 1999; Galea, 2007; Palma et al., 2007) . P. ornata had the greatest densities in the interior waters, especially to the south of the Meninea constriction-sill. These aggregates were detected mainly in low-salinity zones (< 32.5), which was confirmed by their negative correlation with salinity (Pearson, r = -0.56).
Muggiaea atlantica
The greatest densities of A. apicata were found at the ends of the Moraleda and Pulluche channels, showing a preference for waters with greater oceanic influence, as also reflected in the species' wide bathymetric distribution due to its oceanic and mesoplanktonic nature (Segura-Puertas, 1984; Pagès & Orejas, 1999) . A similar distribution pattern was found for S. bitentaculata, whose greatest densities were located mainly at the entrance to Moraleda Channel and the oceanic station, unlike the results obtained in the spring of 2002, when the maximum abundances were found in the eastern sector of the oceanic channels.
The high species diversity values estimated for the hydromedusae are consistent with the species richness recorded in the study area (29 species) and the low dominance values. On the other hand, the low diversity values estimated for the siphonophores are due to their low species richness (9 species) and elevated abundances of S. gracilis and M. atlantica, which constituted over 50% of the gelatinous organisms analyzed. The species richness of the medusae was three times higher than that of the siphonophores in the spring of 2003 (29:9); a similar proportion (29:8) was found in the Magallanes Region (Pagès & Orejas, 1999) .
In general, the greatest cnidarian aggregates were recorded in the Moraleda Channel, indicating the existence of more favorable conditions for their retention. These aggregates occurred mainly in the subsurface stratum (20-50 m), suggesting that the individuals tend to avoid the surface waters (0-20 m) dominated by lower salinity estuarine waters flowing to the adjacent ocean through the diverse transversal channels (Fig. 5) . In fact, Silva et al. (1998) indicated that the interior waters have a two-layer vertical saline structure, separated by a strong halocline centered at 25-30 m depth. The surface layer (0-25 m) was characterized by the presence of low salinity (2-31) corresponding to Estuarine Water (EW) and the deep layer by higher salinity (31-33) corresponding to Modified Subantarctic Water (MSAAW) distributed between 25 and 100 m depth. The MSAAW is originated by the mixing of higher salinity (> 33-34) subantarctic waters that enter through the Boca del Guafo and the transversal channels (Tuamapu, King, Ninualac, Darwin, Pulluche) with the low salinity interior waters (EW).
Previous studies indicate that high zooplankton biomass values are recorded in Moraleda Channel (Palma & Rosales, 1997) and that this area, moreover, constitutes a favorable nursery area for eggs and larval stages for crustacean and fishes; oceanic species that enter through the Boca del Guafo co-exist with species from the interior waters (Balbontín & Bernal, 1997; Mujica & Medina, 1997) . This zooplanktonic abundance is sustained by the high concentrations of chlorophyll-a (> 5 mg·m -3 ) recorded in Moraleda Channel (Marín & Delgado, 2004; Ramírez & Pizarro, 2005) . Moreover, Marín & Delgado (2004) indicated that the low velocities recorded in Moraleda Channel increase the residence time, making this one of the areas most likely to sustain patches of high zooplankton concentrations in this southern region.
On the other hand, the zones with lower individual densities corresponded to the Ninualac, Darwin, and Pulluche channels, where there is less water column stability due to the constant mixing of oceanic waters (saltier) that enter input from the west and mix with estuarine waters (low salinity) coming from the interior zone. This generates a noteworthy east-west salinity gradient (from lower to higher salinity), limited in its vertical distribution by a marked halocline. This gradient is reflected in the progressive increment of the abundance of gelatinous organisms towards the western end of the transversal channels, which was also observed in the spring of 2002 (Palma et al., 2007) . (Palma et al., 2007) and 2003 were compared, since the siphonophore data from 2002 have not been published. In general, a scarce variability was observed both in the species composition as well as in the abundance of hydromedusae (Tables 1 and 3) . In spring 2002, 23 species were determined as compared with the 27 identified in spring 2003. Of this total, 19 species were collected in both periods and had very similar abundance ranges (Table 3 ). In fact, three of the four most abundant species from each spring coincided (Amphogona apicata, Clytia simplex, Solmundella bitentaculata). This was also observed in the total abundance that increased slightly (from 159,864 to 161,912 ind·1000 m The results presented herein show a high similarity of fauna in the springs of 2002 and 2003 due to the similar environmental conditions in both seasonal periods. Therefore, it is likely that the strong fluctuations of abundance recorded in some dominant species were caused by changes in the trophic availability or in the intensity of the reproductive processes in the study area, especially in those species that contemplate asexual processes in their reproductive cycle, as is the case of numerous cnidarian species.
